The reporter plasmids pBLCAT3 [promoterless; ATCC reference no. 37528 (ATCC, Manassas, VA, USA)] and pBLCAT2 (containing the thymidine kinase promoter; ATCC reference no. 37527) contain the bacterial gene CAT as a reporter (10) . Promoter or enhancer sequences inserted into these vectors drive the expression of the CAT gene. The accumulated CAT protein level is then directly proportional to the activity of the promoter/enhancer and can be easily measured (e.g., by ELISA).
The CAT assay system provides an easily quantifiable method for evaluating the effect of stimuli on an exogenous gene because of the absence of an endogenous counterpart in eukaryotic cells (13) . However, both pBLCAT2 and pBLCAT3 vectors have been reported to have high background activity when they are transiently transfected into F9 embryonal carcinoma cells (14) and rat pheochromocytoma (PC12) cells (1) . This background activity may mask the activity of the promoter/enhancer under study.
AP1 transcription factors regulate gene expression through AP1 sites in the promoters of many genes [e.g., the matrix metalloproteinases (MMPs) and their inhibitors, the tissue inhibitors of metalloproteinases (TIMPs)]. AP1 factors include members of the Jun family (c-Jun, JunB, and JunD) that can homodimerize or heterodimerize with Fos family members (c-Fos, FosB, Fra-1, and Fra-2) to transactivate gene expression. These heterodimers and homodimers recognize and bind to AP1 motifs in genes, the consensus of which is 5′-TGAGTCA-3′ (6). Non-consensus AP1 sites have previously been reported to be functional in a variety of vector sequences (4, 8) .
An AP1 site at -59/-53 in the promoter of the Timp-1 gene is important for both the basal and inducible expression of the gene (2,9,12). To probe the transactivation potential of varying combinations of Fos and Jun factors on this non-consensus site (5′-TGAG-TAA-3′) compared to the exact consensus found, for example, in the MMP-1 gene (5′-TGAGTCA-3′), co-transfection experiments were performed in murine C3H10T1/2 cells. Figure 1 shows the results of transfecting a -95/+47 Timp-1 reporter construct in pBLCAT3 with c-Fos and/or Jun expression vectors [all AP1 expression plasmids were kind gifts of Dr. P.R. Dobner, University of Massachusetts (5)]. The Timp-1 promoter is induced by c-Fos alone, with further induction in the additional presence of c-Jun or JunD. JunB represses the induction seen with c-Fos alone. Substitution of the Timp-1 AP1 motif for the consensus sequence (as above) in the context of the -95/+47 construct shows the same pattern of expression, which demonstrates that the A→C transversion does not alter the response to these AP1 factors. Intriguingly, when the AP1 site is mutated to a nonfunctional sequence (5′-GGAGGCA-3′), the -95/+47 construct loses induction by c-Fos alone or c-Fos and c-Jun but retains transactivation by c-Fos and JunD. No transactivation of any of these constructs was seen when c-Fos was replaced with other Fos family members (e.g., Fra-1, Fra-2, and FosB) (data not shown).
To determine whether transactivation of the -95/+47 Timp-1 construct that contained the mutant AP1 site was due to an artifact of the vector backbone, the empty vectors pBLCAT3 and pBLCAT2 were co-transfected with c-Fos and JunD expression plasmids. The results showed that the empty pBLCAT3 vector was potently transactivated by the overexpression of c-Fos and JunD (over 50-fold, although control levels were very low); pBLCAT2 had a higher level of basal activity and was induced by approximately 8-fold.
A perfect AP1 consensus site (5′-TGAGTCA-3′) was found at position 1569/1575 in the simian virus 40 (SV40) region of the pBLCAT3 vector backbone using Transfac (15) . Using the MMP-1 AP1 site oligonucleotide as a probe in EMSA, competition against self MMP-1, Timp-1, pBLCAT3, or mutant AP1 oligonucleotides was performed. Figure 2 shows that the pBLCAT3 AP1 motif competes for binding, although with a slightly reduced efficiency compared to self or Timp-1; the mutant AP1 oligonucleotide does not compete for binding even at 500-fold. In addition, both the pBLCAT3 AP1 motif and that of MMP-1 bind nuclear proteins from cells transfected with the c-Fos and JunD expression vector at a higher level than from cells transfected with c-Fos alone or c-Fos and c-Jun. However, the mutant AP1 oligonucleotide shows no binding with any of these nuclear extracts (data not shown).
To examine the functional role of the AP1 site at 1569/1575 in pBLCAT3, a nonfunctional mutation was made in the pBLCAT3 AP1 site (5′-GGAGTGA-3′) that could not bind AP1 factors on EMSA. The empty mutant pBLCAT3 construct responded similarly to the wild-type to c-Fos and JunD overexpression. This suggests that ablation of the 1569/1575 vector AP1 site does not prevent cryptic promoter activity induced by AP1 factors.
Previous studies have shown that pBLCAT2 and pBLCAT3 empty vectors have high basal activity in, for example, PC12 cells and embryonal carcinoma cells (1, 14) . The cryptic activity of both vectors is induced by cAMP or by the overexpression of the transcription factor C/EBP in PC12 cells (1) . Cryptic activity was diminished by the removal of vector sequences upstream of the polylinker and/or by the addition of SV40 polyadenylation sequences (1, 14) . In embryonal carcinoma cells, the cryptic activity of the pBLCAT3 vector is increased by the insertion of an enhancer-like sequence from the murine FGF-4 gene downstream of the CAT gene. However, expression from the FGF-4 promoter, inserted upstream of CAT, is unaffected by the cryptic promoter activity of pBLCAT3 (14) . These studies suggested that the empty pBLCAT2 and pBLCAT3 vectors had a high level of basal expression that could be induced by the insertion of eukaryotic gene sequences or the overexpression of transcription factors.
The current study has shown that the cryptic promoter activity of the CAT reporter plasmids pBLCAT2 and pBLCAT3 is inducible by c-Fos and JunD overexpression in the absence of an exogenously added AP1 site-containing promoter. This observation suggests that AP1-mediated transcription may be initiated from an AP1 site within the vector backbone. Although a candidate consensus AP1 site that bound to AP1 factors was identified, this AP1 site did not play a functional role in transactivating the cryptic promoter of pBLCAT3, suggesting that other sequences may be involved. Grimm and Nordeen (4) refer to 10 AP1 motifs (the consensus and nine non-consensus sequences) that were demonstrated to be functional. A search of the pBLCAT3 sequence reveals that four of these are present and an additional non-consensus site, identical to that found in Timp-1, is also present in this vector. Any of these sites could potentially transactivate the cryptic promoter activity described in the current study. Of particular note is a non-consensus motif (5′-TGACACA-3′) described as functional in pUC-derived vectors (8) and present in pBLCAT3.
The ability of the c-Fos/JunD heterodimer to transactivate the empty vector or Timp-1 promoter constructs in the absence of consensus AP1 sequences may reflect a more promiscuous sequence specificity of this AP1 complex compared to the other combinations of Fos and Jun family members tested. JunD homodimers show the same target site specificity as other Jun family members. While c-Fos/JunD heterodimers are reported to transactivate from a consensus AP1 site with similar potency to c-Fos/c-Jun heterodimers, a detailed study of their potential to transactivate from non-consensus sites has not been undertaken (see Reference 7) . Differences between c-Jun and JunD have been described with respect to heterodimerisation partners, and it is known that JunD lacks the binding site for the activating kinase JNK, even though it can be phosphorylated and activated by this kinase when dimerized with c-Jun (7). The pBLCAT3 vector backbone is derived from the vector pUC18, and the cryptic activity from pUC-derived vectors has been described earlier. Other regions of this vector such as the ampicillin resistance gene are derived from pBR322, which suggests that pBR322- derived vectors may also be affected depending on whether these regions contribute to this activity (14) . Interestingly, although pGL3-basic (Promega, Madison, WI, USA) is derived from pUC vectors, it lacks many of the AP1 motifs found in pBLCAT3; however, it is still transactivated in experiments where other transcription factors such as NF-Y, c-Ets-2, PEA3, Sp1, or GATA-4 are overexpressed (D.A. Young, unpublished observations).
Benchmarks
This research suggests that caution is necessary when overexpressing transcription factors with reporter plasmids during promoter analysis. Furthermore, it underlines the necessity of including a vector-only control in such studies. Several groups have designed new CAT vectors by deleting prokaryotic sequences immediately upstream of the CAT gene and replacing them with fragments containing a tandem dimer of the SV40 early polyadenylation signal (1, 3, 11, 14) . This prevents the processing of mature CAT mRNA from the vector and subsequent translation. Indeed, this can reduce pBLCAT3 vector readthrough by up to 8-fold (3) . CAT vectors such as pBLCAT5 (ATCC reference no. 77412) and pBLCAT6 (ATCC reference no. 77413) (1), which are derived from pBLCAT2 and pBLCAT3 or other modified vectors such as pJFCAT1 (3), have these modifications. However, these vectors may also need to be checked for transcription factor inducibility before being used in promoter analysis.
Automated Agarose Gel Electrophoresis of dsDNA Fragments on a Commercial DNA Sequencer
BioTechniques 33:1008-1014 (November 2002) Electrophoretic separation of dsD-NA molecules, such as PCR products and restriction digest fragments, is usually accomplished in agarose and sometimes in composite agarose-polyacrylamide gels (3) . Under nondenaturing conditions, the electrophoretic mobility of dsDNA fragments is primarily determined by their size but also influenced by the sequence-dependent secondary structure (9) . Conventional analysis of dsDNA fragments ranging in size from hundreds to thousands of base pairs have regularly been accomplished on thick slab gels (1) and involved laborintensive manual processes. Sample loading onto the gels is also tedious and ergonomically challenging. Recently developed membrane-mediated loading techniques successfully addressed this latter issue (4) . Electric field-mediated separation technologies significantly advanced during the last two decades, primarily because of the better understanding of the electrophoretic separation process (8) and the recent development of micro-separation methods such as ultra-thin-layer gel electrophoresis (10,11), capillary gel electrophoresis (5), and microchip electrophoresis (6).
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